Room temperature magnetoelectric coupling in intrinsic multiferroic
Due to the structural anisotropy of Aurivillius phase materials, textured BLFCT ceramic is expected to show anisotropic FE and FM properties. Spark plasma sintering (SPS) is an efficient sintering process to fabricate high-density and textured materials. 15, 21 In this work, SPS has been employed to produce highly grain-oriented BLFCT ceramics in order to study the anisotropy of ferroelectric and magnetic properties in Aurivillius phase materials. The study of the anisotropy of FE and FM enables clarifying whether the multiferroic behavior is intrinsic or it is due to secondary phases.
Figs. 1a and 1b show X-ray powder diffraction patterns of BLFCT powders and textured ceramics, respectively. Both materials are single phase Aurivillius structures (ICDD PDF-4 89-8545). Fig. 1 (b) displays strong diffraction peaks for (0k0) crystallographic planes, so indicating the preferred orientation in the sample. To estimate the degree of orientation, the Lotgering factor 22 f was calculated using the XRD data. For the textured BLFCT ceramics f = 0.64, which confirms a high degree of grain alignment in ceramic samples. Fig. 1c) . The secondary phase is represented by octahedral-like shaped particles with size within 1 -3 µm. ~ 793K) . 26, 27 The two anomalies observed at about 460 K and 380 K (Fig.2b) can be possibly connected to the ferromagnetic transition of spinel oxide Co 2 FeO 4 (FM T c ~ 460 K) 28 and BLFCT, respectively. Figure 3a shows the zero field cooling (ZFC) and field cooling (FC) magnetization of BLFCT measured perpendicular [⊥] to the SPS pressure direction in temperature intervals of 5 -300 K and 300 -500 K at a magnetic field of 200 Oe. The discontinuity of the FC data in the figure is caused by two different furnace units, which were used for low-temperature and high-temperature magnetic measurements. Clearly, the BLFCT sample undergoes a ferromagnetic to paramagnetic transition at about 395 K (defined as the temperature of the peak of dM/dT) which is consist with the ferromagnetic transition of Aurivillius phase BLFCT as observed in fig. 2b but far below the transition temperature of the secondary phase Fig. 2 The temperature dependence of the dielectric properties of the BLFCT ceramics measured perpendicularly [⊥] to the SPS pressure direction over the range (a) 300 -1100 K, inset shows the peak around 775 K, and (b) 300 -600 K.
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Please do not adjust margins Fig. 3b .This indicates that the main ferromagnetic contribution in BLFCT is from main phase with Aurivillius structure. Moreover, the textured structure barely affects the magnetization of spinel oxide Co 2 FeO 4 in different directions because it is a cubic phase material at room temperature and disorder distribution. 30 In Fig. 3b, Figure 4 shows the I-E and P-E hysteresis loops of the grainoriented BLFCT ceramics measured in perpendicular and parallel direction to the SPS pressure direction at RT. The polarization of the sample measured in parallel direction to the SPS pressure is much smaller than that of the sample oriented perpendicularly. This ferroelectric feature can be attributed to the anisotropic nature of the structure. Although the FE hysteresis loops could not be saturated due to the dielectric breakdown under a high electric field, the presence of the current peaks in the I-E curves indicates the existence of ferroelectric domain switching 32 are nonpolar ferromagnets showing no piezoelectric response. Therefore, the FE domain switching observed upon magnetic field reversal is believed to occur indeed in the main Aurivillius phase. Additionally, it should be noted that the density of secondary phase impurities is low and they appear on scale larger than 10 μm (Fig. 1c) . These factors rules out a magnetostriction effect and magnetic dipole-dipole interaction of the secondary phase on the observed magnetoelectric coupling. Thus, the presence of magnetic impurities has no influence on the main results and conclusions of this work. The areas where the ferroelectric domain switching takes part are proposed to be the grains with highest concentrations of Fe/Co due to the random distribution of Fe/Co at B-site in Fig. 4 P-E and I-E hysteresis loops of the textured BLFCT ceramics measured in the perpendicular and parallel direction to the SPS pressure direction. Aurivillius phase. 13 Such a magnetoelectric coupling confirms the intrinsic multiferroelectic character of the Aurivillius phase BLFCT.
In conclusion, the 
